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2000-149994 

(54) [Title of the Invention] 

Polymer electrolyte lithium secondary battery 

(57) [Abstract] 

[Problem] 

To provide a highly reliable polymer electrolyte lithium 
secondary battery in which shorts caused by lithium dendrite 
formation during charge/discharge can be prevented, and internal 
shorts can be prevented during the manufacturing process. 

[Means of Solution] 

A polymer electrolyte lithium secondary battery obtained by 
laminating a plurality of unit cells comprising a lithium ion storable 
/dischargeable positive electrode, a lithium ion-conductive polymer 
electrolyte layer, a lithium ion storable /dischargeable negative 
electrode, a lithium ion-conductive polymer electrolyte layer and a 
lithium ion storable /dischargeable positive electrode, in this order, 
such that the surface area of the negative electrode is larger than that 
of the positive electrode, and the dimensions of the negative electrode 
are identical to those of the electrolyte layer, characterized in that radii 
are provided, or chamfers are made, in at least two corners of the 
positive electrodes and the negative electrodes, and the electrolyte 
layers. 

[Claims] 
[Claim 1] 

A polymer electrolyte lithium secondary battery obtained by 
laminating a plurality of unit cells comprising a lithium ion storable 



/dischargeable positive electrode, a lithium ion-conductive polymer 
electrolyte layer, a lithium ion storable /dischargeable negative 
electrode, a lithium ion-conductive polymer electrolyte layer and a 
lithium ion storable /dischargeable positive electrode, in this order, 
5 such that the surface area of the negative electrode is larger than that 

of the positive electrode, and the dimensions of the negative electrode 
are identical to those of the electrolyte layer, 

characterized in that radii are provided, or chamfers are made, 
in at least two corners of the positive electrodes and the negative 
10 electrodes, and the electrolyte layers. 

[Detailed Description of the Invention] 

[0001] [Technical Field to which the Invention Pertains] 
The present invention relates to a polymer electrolyte lithium 
secondary battery. 
15 [0002] [Prior Art] 

In the wake of developments in electronic equipment in recent 
years there has been a growing demand for small, light secondary 
batteries having a high energy density and which can also be 
repeatedly recharged. As such secondary batteries are known for 
20 instance nonaqueous electrolyte secondary batteries that comprise a 

negative electrode with lithium or lithium alloys as active substances; 
a positive electrode comprising collectors onto which is applied a 
suspension containing active substances of oxides such as oxides of 
molybdenum, vanadium, titanium, niobium or the like, sulfides, or 
25 selenides; and a nonaqueous electrolyte solution. 

[0003] However, secondary batteries comprising negative 
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electrodes with lithium or lithium alloys as the active material are 
problematic in that their charge-and-discharge cycle life is short 
owing to the formation of lithium dendrites as a result of repeated 
charge-and-discharge cycles. 

[0004] In consequence, nonaqueous electrolyte secondary 
batteries have been proposed that use collectors onto which is applied 
a suspension containing carbonaceous materials that store and 
discharge lithium ions, such as coke, graphite, carbon fibers, resin- 
calcination products, pyrolysis gaseous-phase carbon or the like. Such 
secondary batteries allow increasing battery life and safety, as they 
can improve degradation of the negative electrode properties caused 
by dendrite deposition. 

[0005] In this context, US Patent No. 5,429,981 discloses 
a rechargeable lithium intercalation battery, i.e. a polymer electrolyte 
lithium secondary battery, having a hybrid polymer electrolyte that is 
imparted pliability through the addition of a polymer to a positive 
electrode, a negative electrode, and an electrolyte layer. Such a 
polymer electrolyte lithium secondary battery is manufactured in 
accordance with the following method. 

[0006] First, a plasticizer that can be later removed such as 
DBP (dibutyl phthalate), a copolymer of VdF (vinylidene fluoride) 
and hexafluoropropylene (HFP), and a lithium storable /dischargeable 
positive electrode material are mixed in the presence of a solvent, the 
mixture is then molded into a sheet and the obtained sheet is 
laminated onto a collector to manufacture thereby a positive electrode 
material not impregnated with electrolyte solution. A separator sheet 



not impregnated with electrolyte solution is also manufactured by 
mixing in the presence of a solvent a plasticizer and a VdF-HFP 
copolymer and by molding the mixture into a sheet. A negative 
electrode material not impregnated with electrolyte solution is further 
manufactured by mixing in the presence of a solvent a plasticizer, a 
VdF-HFP copolymer, and a lithium storable /dischargeable 
carbonaceous material, by molding the mixture into a sheet, and by 
laminating the obtained sheet onto a collector. The positive electrode 
material, the separator sheet, the negative electrode material, the 
separator sheet and the positive electrode material are laminated next 
in this order, and are thermocompressed to manufacture thereby unit 
cells not impregnated with electrolyte solution. The surface area of the 
negative electrodes is made greater than that of the positive electrodes 
to prevent lithium dendrites. In order to prevent internal shorts among 
positive and negative electrodes the separator sheets have the same 
surface area as the negative electrode material. Subsequently, the 
plasticizer in the unit cells is removed by solvent extraction. 
Thereafter, the unit cells are plurally laminated, are connected in 
parallel, and are impregnated with a nonaqueous electrolyte solution 
to manufacture thereby a polymer electrolyte lithium secondary 
battery. In order to connect such a secondary battery to an external 
load, such conventional polymer electrolyte lithium secondary 
batteries have a constitution in which two positive electrode terminal 
sections and negative electrode sections protrude respectively from 
one side each of the unit cells, such that the tips of the terminal 
sections of the positive electrodes and of the terminal sections of the 



negative electrodes are connected each with external leads; since the 
unit cells are reliably free of liquid components and the constituent 
layers are integrated as a single body, convenient sheathing material 
such as laminate film or the like can be used in these conventional 
polymer electrolyte lithium secondary batteries, which are excellent as 
regards thinness, light weight and safety. 

[0007] [Problem to be Solved by the Invention] 
To prevent dendrite formation in conventional polymer 
electrolyte lithium secondary batteries, however, the surface area of 
the negative electrodes is greater than that of the positive electrodes; 
this is problematic in that bending of the corners of the negative 
electrodes may result in contact between these unit cells and positive 
electrodes of neighboring unit cells, causing an internal short as a 
result. 

[0008] An object of the present invention is to provide a 
polymer electrolyte lithium secondary battery that allows preventing 
shorts by dendrite formation upon charge-discharge, and internal 
shorts during manufacturing processes. 

[0009] [Means for Solving the Problems] 

The polymer electrolyte lithium secondary battery of the 
present invention is a polymer electrolyte lithium secondary battery 
obtained by laminating a plurality of unit cells comprising a lithium 
ion storable /dischargeable positive electrode, a lithium ion- 
conductive polymer electrolyte layer, a lithium ion storable 
/dischargeable negative electrode, a lithium ion-conductive polymer 
electrolyte layer and a lithium ion storable /dischargeable positive 



electrode, in this order, such that the surface area of the negative 
electrode is larger than that of the positive electrode, and the 
dimensions of the negative electrode are identical to those of the 
electrolyte layer, characterized in that radii are provided, or chamfers 
are made, in at least two corners of the positive electrodes and the 
negative electrodes, and the electrolyte layers. 

[00 1 0] [Embodiment of the Invention] 

The polymer electrolyte lithium secondary battery according to 
the present invention is described next with reference to FIG. 1 and 
FIG. 2. 

[001 1] A plurality of unit cells, for instance three unit cells 
1 1 — 1 3 are laminated onto one another and are connected in parallel. 
Each unit cell 1 1 — 1 3 has a constitution of a lithium ion storable 
/dischargeable positive electrode 2, a lithium ion-conductive polymer 
electrolyte layer 3, a lithium ion storable /dischargeable negative 
electrode 4, a lithium ion-conductive polymer electrolyte layer 3 and a 
lithium ion storable /dischargeable positive electrode 2 laminated in 
this order and integrated as a unit. 

[0012] The negative electrode 4 has a larger surface area 
than the positive electrodes 2, while the electrolyte layer 3 has the 
same surface area as the negative electrode 4. 

[0013] The positive electrodes 2 have each a positive 
electrode layer 7 supported on a collector 6 having a band-like 
terminal section 5 protruding outwards. The negative electrode 4 has a 
negative electrode layer 10 supported on a collector 9 having a band- 
like terminal section 8 protruding outwards. The band-like terminal 
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sections 5 of the positive electrodes 2 and the band-like terminal 
section 8 of the negative electrode 4 protrude respectively from the 
same side of the unit cells 1] - 1 3 , the band-like terminal sections 5 of 
the positive electrodes 2 being arranged opposite one another flanking 
the negative electrode 4. 

[0014] As illustrated in FIG. 2, radii 11 are provided at 
each of the two corners of the positive electrode 2, at positions 
opposite the side out of which the band-like terminal sections 5, 8 
protrude. Also, radii 12 are provided at each of the two corners of the 
mutually equi dimensional negative electrode 4 and the electrolyte 
layer 3, at positions opposite the side out of which the band-like 
terminal sections 5, 8 protrude, 

[0015] The unit cells li - 1 3 are each enveloped in a 
sheathing film 13 ? the opening whereof is airtight-sealed by welding. 
The ends of the band-like terminal sections 5 of the positive 
electrodes 2 of the unit cells 1 1 - 1 3 are bundled together inside the 
sheathing film 13 and are connected to one end of an external lead 14. 
The external lead 14 protrudes outwards through the welded portion 
15 of the sheathing film 13. The band-like terminal section 8 of the 
negative electrode 4 of the unit cells 1 1 - 1 3 is connected to one end of 
an external lead (not shown in the figure) inside the sheathing film 13, 
such that this external lead protrudes outwards through the welded 
portion 15 of the sheathing film 13. 

[0016] The positive electrodes 2, the lithium ion- 
conductive polymer electrolyte layer 3, the negative electrode 4 and 
the sheathing film 13 are explained next. 



[0017] 1) Positive electrodes 2 

In the constitution of these positive electrodes 2, a positive 
electrode layer 7 containing an active substance for storing 
/discharging lithium ions, a nonaqueous electrolyte solution and a 
polymer holding this electrolyte solution, are provided onto both sides 
of a collector 6 made of aluminum and having an aluminum band-like 
terminal section 5. 

[0018] The active substance may be an oxide (for instance, 
lithium manganese composite oxides such as LiMn 2 0 4 or the like, 
manganese dioxide, lithium-containing nickel oxides such as LiNi0 2 
or the like, lithium-containing cobalt oxides such as LiCo0 2 or the 
like, lithium-containing nickel cobalt oxides, amorphous vanadium 
pentoxide containing lithium, etc.), or chalcogenides (e.g., titanium 
disulfide, molybdenum disulfide, etc.). Among these are preferably 
used lithium manganese composite oxides, lithium-containing cobalt 
oxides and lithium-containing nickel oxides. 

[0019] The nonaqueous electrolyte solution is prepared by 
dissolving an electrolyte in a nonaqueous solvent. 

[0020] Nonaqueous solvents include for instance ethylene 
carbonate (EC), propylene carbonate (PC), butylene carbonate (BC), 
dimethyl carbonate (DMC), diethyl carbonate (DEC), ethyl methyl 
carbonate (EMC), y-butyrolactone (gamma-BL), sulfolane, 
acetonitrile, 1, 2-dimethoxyethane, 1,3-dimethoxypropane, dimethyl 
ether, tetrahydrofuran (THF), 2-methyl tetrahydrofuran, etc. The 
nonaqueous solvents may be used singly or in mixtures of two or 
more. 
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[0021] The electrolyte may be for instance a lithium salt 
such as lithium perchlorate (LiC10 4 )> lithium hexafluorophosphate 
(LiPF 6 ), lithium tetrafluoroborate (LiBF 4 ), lithium hexafluoroarsenate 
(LiAgF 6 ) lithium trifluoromethane sulfonate (LiCF 3 S0 3 ), and bis- 
trifluoromethylsulfonyl imide lithium [LiN(CF 3 S0 3 ) 2 ], or the like. 

[0022] The amount of electrolyte dissolved in the 
nonaqueous solvent ranges preferably from 0.2 mol/L to 2 mol/L. 

[0023] The polymer holding the nonaqueous electrolyte 
solution may be for instance a polyethylene oxide derivative, a 
polypropylene oxide derivative, a polymer containing these 
derivatives, a copolymer of vinylidene fluoride (VdF) 
hexafluoropropylene (HFP), etc. The copolymerization ratio of HFP 
depends on the method used for synthesizing the copolymer, but it 
does not exceed ordinarily about 20wt%. 

[0024] From the viewpoint of increasing conductivity, the 
positive electrode layer may contain a conducting material. 
Conducting materials include for instance artificial graphite, carbon 
black (for instance acetylene black or the like), nickel powder, etc. 

[0025] As the above-mentioned collector may be used for 
instance aluminum expanded metal, aluminum mesh, aluminum 
punched metal, etc. 

[0026] The band-like terminal sections may be a mere 
prolongation of the collector or may be formed of aluminum foil and 
be connected to the collector. 

[0027] 2) Lithium ion-conductive polymer electrolyte 
layer 3 



11 



The electrolyte layer 3 contains a nonaqueous electrolyte 
solution and a polymer holding this electrolyte solution. 

[0028] As the electrolyte solution and the polymer may be 
used the same substances as those described above for the positive 
electrode. 

[0029] Inorganic fillers such as Si0 2 powder may be 
added in order to increase the compressive strength of the electrolyte 
layer. 

[0030] 3) Negative electrode 4 

In the constitution of the negative electrode 4, a negative 
electrode layer 10 containing a carbonaceous material for storing 
/discharging lithium ions, a nonaqueous electrolyte solution and a 
polymer holding this electrolyte solution, are provided onto both sides 
of a collector 9 made of copper and having a copper band-like 
terminal section 8. 

[0031] The carbonaceous material may be for instance a 
material obtained by calcinating organic high-molecular compounds 
(for example, phenol resins, polyacrylonitriles, cellulose, etc.), by 
calcinating coke or mesophase pitch, or may be some representative 
carbonaceous material such as artificial graphite, natural graphite, etc. 
Amongst these is preferably used a carbonaceous material obtained by 
calcinating the above-mentioned mesophase pitch at a temperature of 
500 °C to 3000 °C, under normal pressure or reduced pressure. 

[0032] As the nonaqueous electrolyte solution and the 
polymer may be used the same substances described above for the 
positive electrode. 
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[0033] The negative electrode layer may contain 
conducting materials such as artificial graphite, natural graphite, 
carbon black, acetylene black, ketjen black, nickel powder, 
polypheny lene derivatives, etc., and fillers such as olefin polymers, 
carbon fibers or the like. 

[0034] As the collector may be used for instance copper 
expanded metal, a copper mesh, copper punched metal, etc. 

[0035] The band-like terminal section may be a mere 
prolongation of the collector or may be formed of copper foil and be 
connected to the collector. 

[0036] 4) Sheathing film 13 

This sheathing film 13 comprises, from the inner face outwards, 
a laminated film obtained by lamination of at least a thermal-bonding 
resin film, a metal foil, and a rigid resin film, in this order. As the 
thermal-bonding resin may be used for instance polyethylene (PE), an 
ionomer, ethylene vinyl acetate (EVA), etc. As the metal foil may be 
used for instance AJ foil, Ni foil, etc., though Al foil capable of being 
made into thin films is preferred. As the rigid resin may be used for 
instance polyethylene terephthalate (PET), nylon, etc. The rigid resin 
film may comprise a combination of two or more films. 

[0037] The radii 11 provided at the two corners of the 
positive electrodes 2 are of at least 1mm, preferably of 1.5 to 3 mm. If 
the radii 1 1 are smaller than 1 mm internal shorts between the positive 
/negative electrodes 2, 4 might be difficult to prevent. 

[0038] The radii 12 provided at the two corners of the 
negative electrode 4 and the electrolyte layer 3 are of at least 1.5 mm, 
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preferably of 2 to 4 mm. If the radii 12 are smaller than 1.5 mm 
internal shorts between the positive /negative electrodes 2, 4 might be 
difficult to prevent. 

[0039] As shown in FIG. 3, chamfers 16 may also be 
provided at each of the two corners of the positive electrode 2, at 
positions opposite the side out of which the band-like terminal 
sections 5, 8 protrude. Chamfers 17 may also be provided at each of 
the two corners of the equidimensional negative electrode 4 and the 
electrolyte layer 3, at positions opposite the side out of which the 
band-like terminal sections 5, 8 protrude. 

[0040] The number of stacked cells is not restricted to 
three layers, and there may two, four or more layers. 

[0041] An example of a method for manufacturing the 
polymer electrolyte lithium secondary battery according to the present 
invention is explained next. 

[0042] A positive electrode paste is prepared first by 
mixing in the presence of a solvent at least a polymer holding 
nonaqueous electrolyte solution, a lithium ion storable /dischargeable 
active substance and a plasticizer. This paste is then applied onto for 
instance a polyethylene terephthalate (PET) film and is dried into a 
sheet. Next, this sheet is thermally bonded to both sides of a collector 
having a band-like terminal section, leaving free portions for terminals; 
thereafter, chamfers or radii are made, for instance through die 
blanking, at each of the two comers positioned opposite the side out 
of which the band-like terminal sections protrude, to manufacture 
thereby a positive electrode material not impregnated in electrolyte 
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solution. 

[0043] The plasticizer herein may be for instance dibutyl 
phthalate (DBP), dimethyl phthalate (DMP), ethylphthalylethyl 
glycolate (EPEG), etc. 

[0044] A paste prepared by mixing first in the presence of 
a solvent at least a polymer holding a nonaqueous electrolyte solution 
and a plasticizer is applied onto for instance a polyethylene 
terephthalate (PET) film and is dried into a sheet. Chamfers or radii 
are then made on this sheet, while covered by the PET film, at each of 
the two corners positioned opposite the side out of which the band- 
like terminal sections protrude, for instance through die blanking, to 
manufacture thereby an electrolyte layer not impregnated with 
electrolyte solution. 

[0045] Further, a negative electrode paste is prepared first 
by mixing in the presence of a solvent at least a polymer holding 
nonaqueous electrolyte solution, a lithium ion storable /dischargeable 
carbonaceous material and a plasticizer. This paste is then applied 
onto for instance a polyethylene terephthalate (PET) film and is dried 
into a sheet. Next, this sheet is thermally bonded to both sides of a 
collector having a band-like terminal section, leaving free portions for 
terminals; thereafter, chamfers or radii are made, for instance through 
die blanking, at each of the two corners positioned opposite the side 
out of which the band-like terminal sections protrude, to manufacture 
thereby a negative electrode material not impregnated with electrolyte 
solution. 

[0046] Unit cells not impregnated with electrolyte solution 
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are then manufactured through lamination of the positive electrode 
material, the electrolyte layer, the negative electrode material, the 
electrolyte layer, and the positive electrode material, in this order, 
followed by thermal bonding. Next, the plasticizer is removed from 
the unit cells by solvent extraction, to yield plasticizer-eluted unit 
cells. 

[0047] The plurality of plasticizer-eluted unit cells are 
tiien stacked and enveloped in a sheathing film; this sheathing film is 
filled through the opening thereof with nonaqueous electrolyte 
solution to impregnate the constituent members of the unit cells in 
electrolyte solution, after which the opening of the sheathing film is 
welded and an external lead connected to the terminal sections of the 
positive electrodes and the terminal sections of the negative electrodes 
of the unit cells is drawn out of the sheathing film through the welded 
portion thereof, to manufacture thereby a polymer electrolyte lithium 
secondary battery. 

[0048] As explained above, the present invention is a 
polymer electrolyte lithium secondary battery obtained by laminating 
a plurality of unit cells comprising a lithium ion storable 
/dischargeable positive electrode, a lithium ion-conductive polymer 
electrolyte layer, a lithium ion storable /dischargeable negative 
electrode, a lithium ion-conductive polymer electrolyte layer and a 
lithium ion storable /dischargeable positive electrode in this order, 
such that the surface area of the negative electrode is larger than that 
of the positive electrode, and the dimensions of the negative electrode 
are identical to those of the electrolyte layer, wherein radii are 
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provided, or chamfers are made, in at least two corners of the positive 
electrodes and the negative electrodes, and the electrolyte layers; 
during manufacturing, this allows preventing bending of the corner 
portions of the positive electrodes and the negative electrodes, and the 
electrolyte layers. As a result, internal shorts can be suppressed by 
preventing contact between positive /negative electrodes between 
cells, which allows obtaining with high productivity (high yield) a 
highly reliable polymer electrolyte lithium secondary battery. 

[0049] Shorts caused by lithium dendrite formation upon 
charge/discharge can also be prevented since the surface area of the 
negative electrode constituting the unit cells is larger than that of the 
positive electrode, and the negative electrode has the same dimensions 
as the electrolyte layer. 

[0050] [Examples] 

Examples of the present invention are explained next in detail 
while referring to accompanying drawings. 
[0051] (Example 1) 

Preparation of a positive electrode material not impregnated 
with nonaqueous electrolyte solution> 

A mixture of lithium manganese complex oxide of 
constitutional formula LiMn 2 0 4 as the active substance, carbon black, 
a copolymer powder of vinylidene fluoride-hexafluoropropylene 
(VdF-HFP), and dibutyl phthalate (DBP) was mixed in acetone to 
prepare a paste. The mixture proportions of the above LiMn 2 0 4 , 
carbon black, VdF-HFP copolymer, and DBP are 56wt%, 5wt%, 
17wt%, and 22wt%. Next, the paste was applied onto a polyethylene 
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terephthalate (PET) film to a thickness of 100 and a width of 200 
mm, and was made into sheet. 

[0052] To manufacture the positive electrode material not 
impregnated with nonaqueous electrolyte solution, the above positive 
electrode sheet (positive electrode layer) was then heat-bonded, using 
a hot roll, to both sides of a collector comprising aluminum expanded 
metal having an aluminum band-like terminal section, leaving free 
portions for terminals; this was followed by die blanking to yield a 30 
mm x 52 mm positive electrode material not impregnated with 
electrolyte solution having 2 mm radii at each of the two corners 
positioned opposite the side out of which the band-like terminal 
sections protrude. 

[0053] <Preparation of a negative electrode material not 
impregnated with nonaqueous electrolyte solution> 

Mesophase pitch carbon fibers as the active substance were 
crushed and were thermally treated at 2800°C to yield a powder that 
was then mixed with a VdF-HFP copolymer powder and DBP in 
acetone to prepare a paste. The mixture proportions of the above 
carbon fiber powder, VdF-HFP copolymer powder, and DBP are 58 
wt%, 17wt%, and 25wt%. Next, the paste was applied onto a 
polyethylene terephthalate (PET) film to a thickness of 100 jim and a 
width of 200 mm, and was made into a sheet. To manufacture the 
negative electrode material not impregnated with electrolyte solution, 
the obtained negative electrode sheet (negative electrode layer) was 
then heat-bonded, using a hot roll, onto both sides of a porous 
collector comprising copper expanded metal having a copper band- 
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like terminal section, leaving free portions for terminals; this was 
followed by die blanking to yield a 32 mm x 54 mm negative 
electrode material not impregnated with electrolyte solution having 2 
mm radii at each of the two corners positioned opposite the side out of 
which the band-like terminal sections protrude. 

[0054] <Preparation of a polymer electrode material not 
impregnated with nonaqueous electrolyte solution> 

33.3 parts by weight of silicon oxide powder, 22.2 parts by 
weight of a VdF- HFP copolymer powder and 44.5 parts by weight of 
DBP were mixed in acetone to prepare a paste. Next, the paste was 
applied onto a polyethylene terephthalate (PET) film to a thickness of 
100 jim and a width of 200 mm, and was made into a sheet; after 
which the polymer electrode material not impregnated with 
nonaqueous electrolyte solution, sized to 32 mm x 54 mm through 
die-blanking, and having 2 mm radii at each of the two corners 
positioned opposite the side out of which the band-like terminal 
sections of the positive /negative electrode materials protrude, was 
prepared by lamination, as explained below. 

[0055] <Preparation of a nonaqueous electrolyte solution> 

To prepare a nonaqueous electrolyte solution, LiPF 6 as the 
electrolyte was dissolved into a concentration of 1 mol/1 in a 
nonaqueous solvent obtained by mixing ethylene carbonate (EC) and 
dimethyl carbonate (DMC) at a volume ratio of 2:1. 

[0056] Next, the obtained positive electrode material, the 
polymer electrode material, the negative electrode material, the 
polymer electrode material and the positive electrode material were 
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sequentially stacked in such a way that the terminal sections of the 
positive/negative electrode materials were positioned on the same side, 
then the stack was bonded through heat compression using rigid rolls 
heated at 125°C, to manufacture thereby unit cells not impregnated 
with nonaqueous electrolyte solution having a theoretical capacity of 
85 mAh. 

[0057] Next, the unit cells were immersed in a container 
filled with n-decane and were left to stand therein for 15 minutes 
under stirring with a magnetic stirrer. This procedure was repeated 
until the concentration of plasticizer (DBP) in n-decane was no larger 
than 20 ppm, as analyzed through gas chromatography, to remove 
thereby the plasticizer from each constituent member of the unit cells 
not impregnated with nonaqueous electrolyte solution. 

[0058] The three plasticizer-eluted unit cells were then 
laminated, the band-like terminal sections of the positive electrodes 
were connected to an aluminum external lead, and the terminal 
sections of the negative electrodes were connected to a copper 
external lead. The unit cells were then enveloped in a sheathing film 
comprising, from the inner face outwards, PE film/Al film/ PET film, 
and having an opening on one side; the sheathing film was filled with 
nonaqueous electrolyte solution and, after impregnating the 
constituent members of the unit cells with electrolyte solution, the 
opening of the sheathing film was welded, and the external leads 
connected to the terminal sections of the positive electrodes and the 
terminal sections of the negative electrodes of the unit cells were 
drawn out of the sheathing film through the welded portion thereof, to 
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manufacture thereby fifty polymer electrolyte lithium secondary 
batteries as those shown in FIG. 1 and FIG. 2. These secondary 
batteries were thereafter charged at 17mA to 4.5 V. 
[0059] (Comparative example 1) 

50 polymer electrolyte lithium secondary batteries having three- 
layer laminated unit cells were manufactured as in Example 1 , except 
that herein were used a positive electrode material, a negative 
electrode material, and a polymer electrode material without radii 
provided at the corners. These secondary batteries were thereafter 
charged at 17mA to 4.5 V. 

[0060] The number of defective batteries on account of 
internal shorts during the manufacturing process was then assessed for 
the secondary batteries obtained in Example 1 and Comparative 
example 1 . The results are given in Table 1 below. 



[0061] Table 1 





No. of internal-short defective batteries during 
mfg. process 


Example 1 


1/50 


Comparative 
example 1 


20/50 



Table 1 shows that the secondary batteries of Example 1, 
constituted by three-layer unit cells having positive electrodes 
provided with radii at the corners, and negative electrodes and 
polymer electrolyte layers provided with the same radii, experienced 
far less faults caused by internal shorts during the manufacturing 
process than the secondary batteries of Comparative example 1, 
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constituted by three-layer unit cells having positive electrodes, 
negative electrodes and polymer electrolyte layers not provided with 
radii at the corners; the secondary batteries of Example 1 afford thus a 
remarkable increase in productivity (yield). 
[0062] [Effect of the Invention] 

As explained in detail above, the present invention has the 
notable effect of providing a highly reliable polymer electrolyte 
lithium secondary battery wherein shorts caused by lithium dendrite 
formation during charge/discharge can be prevented and wherein 
internal shorts can be prevented during the manufacturing process, 
and which can thus be obtained with high productivity (high yield). 

[Brief Description of the Drawings] 

FIG. 1 is a cross-sectional diagram illustrating the polymer 
electrolyte lithium secondary battery according to the present 
invention. 

FIG. 2 is a plan view diagram of the unit cells of FIG. 1 

FIG. 3 is a plan view diagram of the unit cells in another 

polymer electrolyte lithium secondary battery according to the present 

invention. 

[Explanations of numerals] 
1 1 — 1 3 unit cells 

2 positive electrode 

3 lithium ion-conductive polymer electrolyte layer 

4 negative electrode 

5 band-like terminal section of the positive electrode 
11, 12 radii 
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13 sheathing film 
16, 17 chamfers 
[FIG. 1] 
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(2) 



^§82000-149994 



^A-jKm&i-fci^-c, 

t -r -5 sa-^msit u * •> a - 

[O O O 1 ] 

[SgBSOTg-f -58i«fttl?] S^tlSH'J^ 

[0 0 0 2] 

•est, frox^nf— Mi-^yiit^fit 

mA^fif5:-?>Jm*ro^A^M$HTL\S. COT J: a 20 

LTIi. 'J J- ^ASfcli'Jf^A^Jii 
«3Hi:-r-5>m®<!:. =ey /^v^A, 
SIM*-* :?fc,fc-<Di£<fc!8u SMtL<l*-bU>fti 

[0 0 0 3] LfrL&*<b. y5^A£fcliy^OA£ 
it* 

[OO 0 4] ^(D£5te^kfrk>. — 

* =3 tt y zmmnttn^-st; 

[0005] *BftiffB5. 4 2 9. 8 9 1-5HB 

«B»i=ttiEa. mafc«fc^m<gM@i;^'j^-*^-r 40 

3 Vffifc. yS»^-S«ISy^^A^Jfe«J&A<BB* 
*n-CLN*„ ^0J:5«S^mfilMy^OA-^®* 
li^KOT «fc 5 <C^I= <fc y 8!iS $ =h-T ^ * . 
[0 0 0 6] DBP (v^f;i-7$ U— h) 0>J: 

^D^-f K (VdF) t^f7Jl-tP^DtfU> (H 
FP) <D&m&#k. 'J^OA^qRiS • ttdB'SIfil'JflEa 



U ^e,*ifcv-K^ffiS«:l-aiS-r*-«!:lc«fcySS 
&*S£IE*IS?m£ttgl-f *f=. ?TB»t. VdF 
-H FP<0&S^#££5SiS©#ST-C;1£U :Ht£ 

t . U • isai5r&fcgissift*mi: 

- k s&mw-as-r 5 y «**5teafta* 

— K -fc/<u— hfc,fct;iE*iSl*t£:: 

sf^s-r-s. fcfc. uysATS/K^t-tiiiJtrafc 
toic^ro®«^jESro^ixj:y^#< ltus. * 

£i-«fcy&#^m$ fty^A-*m*£§Sjrf c 

h^UDP-fiffiA^2O(0jE8OT^8S.!:^l£D 

A(0J:5tcia^'Ef^«i&ffl^^C<b:A<r-#. MM. S 
[0 0 0 7] 

ig^m^sy^oA-^mjfeii^^ k^^ KoRSih© 

fc«bKfi&(0ffiS£IE®OT®SB«fcy*#< Lfcfctf). IfJ 

«f h-b-/UG)iEai:1i-oL«t< LrWSBJaJS^ 
^ £ -S i: L> 5 P^eA^fc ofc„ 
[0 0 0 8] *SEBSli % ^ttmBtlcfclt^y^^AT 1 ^ 
K^-< h(DSgifel:: t fc£v-h£|WitT'£.5i:*l^ «* 

as l ck 5 <b -r * t G> X- fe s . 

[0009] 

n y ^OA-^mjfeii^ y^OA-f^-^^qsie • sstaoi 
y^OA-<^->^qaK -fictUBifiiJtcftst. y^OA-r 

a*<i!ifiHiES«fcyBSA^#<. mt&fimkm&mmn 
SMy^OA-^mjfei^fc^r, fisHiEatfiiiaafiifc 
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Sfr. t,L<l*ffil»y-*"*-fcS»«i:-r*4i(D"Cfc 

So 

[0 0 10] 

[ooi 1 ] H». 00^1*3 owa.-^ h-tr;n 1 - 1 3 
h-fe;H 1~ 1314. »J^A**>£«Utt ■ ttfflWffitt 

jE«2t. u f ^ A-r t >e§tts^t8i@ 3 1 , 

[0 0 12] 1UIBJM14I4. HlIBS-iES2fClt-<T^^ 

[0013] Mia#iEfii2(i. -tn^ixnwicisaLfc 
8t»ojMH*9i::A«fln o^s»^-y:fc«it^^rt- 20 

So WIBiEa2(D^ttSg : f L a5fc < i:^1trBe^S4(7)«« 

mEft.«4*tt^-estMc»fiiLTE«**LrL^*. 
[ o o 1 4 ] WEftjES 21*. i2 \Z7jk-? J: 5 l:IHSS« 

tfcas^sns, 8<DSttiarai:s:>^{iijicfi:g-rs2oa)r3 

SL>I=H^ftO!)«rEfia4fe«fctf«jBMIB3tt«rE*tt 

aspens, 8a)Bai«ffi^s»«i^fik«-r*2oa)=i— 
^-fiPfz-t^-f 4xt— ;u 1 2 a<i£i+ &*iti*s. 30 
[0015] »E#a-^ h-tz;m~l3l4. ^g?-< 
juai 3P^ici|x^*H. 3CDf§HP3i£Bi 

h-b;H 1- 1 3 0>*IE«2<D«:Rfl8T-tt5l*. ^-tl^CD 

U-Ki 4a>-Bic«*S*LTi*«. co>rtffl'J— Ki 
4 14. iB^8^-f^1 3(Dltt»fiP1 5£iILT*+S5 

4<&flM*s«w-»8i4. <(FE*H£?-r;uAi 3^-e^a5*j 
— K (B*#r) <D-Bl=««**u *oc:(Drt»'J- 40 
Kl4«rE*H£?-r;uAi 3tt>Si5&Spi s^iSLr^gpic 

&d±£*lTU>So 

[0 0 16] «r£jE«2. flrE'J^A-f 

3 . I9Em«l4fc < i:t/ng37^;UA 
1 3lZOL>rlftBJ-TSo 

[0 0 17] 1 ) jES2 

'J 7— ££fcjESH 7 *<g^**ifr«it^^-r So 50 



[O0 1 8] m&7ZteWtLTlt. m*<DMitto MX. 
I4L i Mn2 04#£©y^A7>#>«*Bfl;ttL - 
■Mt7>j!f>, WxliL i N i 02£^<D»J^A^r 
-?*JUB<b«B. Willi L i C o 02 1£Z<D U?^A* 
*=i KSHbtei. U ^ A**r=. ^ / ^u hlMb 
tel. 'Jf>Attt?MI3EBfc/<ti?^A«« 
lu^fisit-erty Mx.it* — SSfb^* >. -flMk^y 

[0019] utEO****!** 

[0020] UrBIMcsMtiLTi*. 
— K (EC) . zfa tfu>*>— h (PC) . ^ 

U>*J— 7fC*— h (BC) . S^^il/*— #*— h (D 
MC) . ylfil/*- h (DEC) . X^;U^^ 

I- (emc) . r-^^a^^hv (r- 

BL) , X^7>> 7th~MJJk 1, 2-v>h 
*yx^x 1. 3-y> ^v?Py<>, i^^JUX 

— f h7tKP^7> (thf) . 2-*^;ut- 

[002 1] ffirE«<B*iL-CI4. fflxlii&J£5tS!'J^ 
^(LiCI 04) . A^t/ftU VB'JfW (L i 
PF6) . /fc^Ea^sMbU^A (L i BF4) . V 

MS'JfOA (Li AbF6) , MJ7;utP>-^> 
x;u*>i£U^OA (l i CF3S03) . tfxh»J:7/u 

^□^^UX^-JM' 5 K'Jf!?A [L i N (CF3 

soa) 2] *a>u?*Atte4fcif«c&«<-c#«. 
[0022] nrE*BKa)«rE#*»tti=>kt a r«»fi» 

14.0. 2mol/L~2mol/L(!:t§:i:3!l^ 
LI*. 

[00 2 3] itrE^WRatRW-ri^'j^-tLT 

14. fflxli. 7KUx^u>**-y--f K«»ft. #'J^p 

t-"Jf>7P7-f K (VdF) t^+IJ^UjfQ^n 
t:U> (HFP) £<D*M*tM?£ffll*4::i:*<T?# 

So toeh fp(7)^s^si^i4. mE*m*f*a)*js* 

So 

[0 0 2 4] HlBEiEaBI4. »*tt*Bl±-r*«jSi^6 
14. 0q^_l4. AiSSfS. *-#>?5*;J («*liT-te 
T*#So 

[0 0 2 5] miemm(*<t LTI4. ^X(47;US-^A 
[O0 2 6] mEffittflft-ffl*. ItlE^mi*^^^^^ 



(4) 
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[0 0 2 7] 2) iJ^^A-f*>fiSMtK»T-«»«» 
3 

z<D®#iffB3i4. jMc*»»At;c<D*tf»s«»-r 

[0 0 2 8] «HE**WB»*lXTOE*UT-i:LT 

[0 0 2 9] IHMMtMl*. EJ£5£g£[S]±Sl*£fc 10 
th\zs i O2»*0)J:5<i:*«7-r^-*aiBLrti* 

[0030] 3) tS4 

C(Dmfil4l4. Ma*tt*^8**Oflaa>a*{*9 
[003 1] 1ftfiS&mSltt»<t LTI4. «xtf. 

re* y watt**©* xm.tr =5 V7<< k 308^577 

5 0 o°c~3 0 o 0 0 C(DS£"C. S&E*fcl43S 

[0032] mriB^flwaatfKriBTKy^— iur 
[0033] mtBAffiBf4. x&<r?-?7<< b+ ^mur 30 

[0 0 3 4] «TEIR«(ti:LTI4. 01x.tfflUlx^/< 

[0035] wiawttjs^ffltt. itiBHmm*^^©^* 
Bu-r***. *fci4f»sBfim(*iesa**Lf=ffls^t>^ 

j£S*i*o 40 
[0 0 3 6] 4) *fg:?-<JUAl 3 

zcD^g^-r;uA«i 3 14. rtffi«**&»B*tt»fi? 

^jSi^ttStfili: LTI4s flJ^-hWJ x^U> (PE) . 
T^i^T J V— . If l/>t*-;i/7tf- h (EVA) ^ 
Jffl^^:i^T^i>o 8?IE*SSt LTI4. 0J*-I4A 

14. «xli*Ux^U>T- U— h (PET) . 50 



juAi42aisi±a)7-r;uA$ia^t)"a-T 

t*L> 0 

[0 0 3 7] WEiEa2<D2O0a— ^»lc»lf&*x* 
7— iH 1 14. ImmELt* »SL<I41 . 5- 3mm 
X-&Z>Zk&mtiLl^o Z<DT—JH 1 £ 1 mm^il: 

[0038] ltrffima4fecfct^mSM@3(7)20©a- 
±aJ|Ctaitb*l^)7— JH 214. 1. 5mmJ^±. »* 
L< 142- 4mmtr&& Ll^o ZOT— JH 
2t1. 5mm*3llC-r^^. aEg.a2, 4H©fi»$ 

[0 0 3 9] I?IBjES2I4. B3IZ3F-r«fc5lZ«J 

^■&a> ureaa 4 fc * tfm&st b 3 i4me*««?« 

5, 8(7)Sd5fill@^JRJ4fi?l^'GtS-r^2oa)a--^-gpiC 

[0 0 4 0] *fc, ItFffio-x^ h-b;u©SB»l43Sle 
Bbf, 2B. 4BJa±lcLT4.«fcl\, 
[004 1] sfclc. **wic«fe«B»T*»K , J J ? :r > 

[0042] *-r. d?tt< iti**«»ja*«»-r4* 

Z?$[s—h (PET) 74 JUA±l=&4tu KULty- 
«5Ltf*HT?a)n%tt*l=J:ytt«H*tttt^»a)Ji 

[0 0 4 3] ffiEnTfflfflt LTI4. 
=f-)V (DBP) . 7^Jl/Sv^f;i/ (DMP) . X^;U 

yjux^u^y a u— h (epeg) 

[0 0 4 4] t 

£tHx.i4#y ifi/>fu^^ u— h (pet) 7-r;u 

A±lZ&flu JHftLTv— Mb^T*. O-^^T. C(Dv 

-h*PET7-r juAieaaLfcttis-c. «*i«mh-o 

feaDBny«*-r««fliiK**9«ffiiiBef»a a r«. 
[0045] £t>ie % fct#*««at«»-r* 

t/pja»i*»«<DffaT-efi&LTftaffi^— x h£in 



(5) 
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^fL^SU-h (PET) ?4)\,Jx±\Z&1ti* &*ILT 

*i7-ju*fci*B» y t*-*-**««**aaa**t* 
[oo4 6] *i^-c. WEjEa**t, m$st@. 

C0)a-^ h*A*4>a>YBMSaaf::£ l J&U. 
*"T*Ci:ir«»:y RTH»»aii-^ h-b^*ft«t:4« 
[0 0 4 7] *l*T»* TOEWM««»dJix? h-feji,£« 

[0 0 4 8] ^awLfc^aBWiz^ixii. 'jf)A-f 
Lfcajtt?. «nafta^«rEjEaj:yaa*<**<, m 

E*a*»E«*H»4W*T?**J.- ^ h-b^** 

BBBLfc*&?**ay?*A:2Xtt&i=jsivc» n 
EJEa torEftate < t ^ 2 o(7)3 

ot, iSjtX^*I^MEiE«ii:frEmfiifcctl/m«MS 
3---; h-fe;um-e(DjEfiaa)att*|»ihLTrtfflS 

[0 0 4 9] |}E#a-*; h-tr;u£i£/£-f -SATE 

ftaa)ffia*wEjEaa>ffia*y**< u A^jiEft 

[0 0 5 0] 

[XfeM KIT. **BHa>»lfi«*HHS#{HLr»ffl 
[00 5 1] (Sgffififl 1 ) 

?a^-f K-^^r-9-7;i/^P^atru>"(v dF-HF 

P) O^S£{«tf3fc£. ^^ibKv^JU (DBP) <D 



fc\ MEL i Mn2 04. VdF- 
H F P*I*»»*fi *tfO B POSdMIt 5 6S 
S%. 5gS%. 17lf%, 2 2lfi%t'M, ^ 
l*T\ ItE^-X hS#'Jxf l/>f U7$ (P 
ET) 7-c;UA±fr:if $ 100/lm, <S2 0 Omml:^ 
4*5l=a*U MbLfc. 
[0 0 5 2] *1>-C. «EjEa->-h (EBB) 

io / * p> * «a«*o>nrEa7« £fi& < aafc 
aa-jurinBffi*Lfca* *BiMT%a< cfcf-iy 

3 omm x 5 2 mmco^a-ewEfttta^fiuoaaiaffi 

tS«ffll^^e-r^2OC0ZI-^a5|C^tL-F4x2mm(D 

[0053] <jMc*a**ra4>jiaa>fta>8aa 

tLT^V^k— XtTv^*a«Wt*»»a. 2 80 
O-CT-JftfflaLfcttSSi. VdF-HFPm(t8l* 
«!:DBPi:$7t h ^^T'/lat^C^lC^ L J X h 
^IJilSLfco «ffc\ litJE&m«*ta>t&;fc. V dF-HF 
20 P#M£*tt5fcfc*i;DBP<Da*tfc*l*. 5 811 
%, 1 7iS%, 2 5ll%tfcl)o o^l^T. BflE^ 
-xh$*'Jifu>fi/^u-h (pet) :?-r;u 

A±|cJ?£ i OO/jm, (g2 0 0mml:4^J:5i:lft 
U ->-HbLfc. »&tifcfta->-h (mag) £ffl 

ao>»«a«B t*-r *aax*x/<> k * * e, & 

**TLK«a(*<D«rEffl : F-»S»<Kffi!=»a— -/UT-iP 

g&Ef Lfc^, 4amft<-iW l J3 2mmX5 

4 mm^Tt^T'^lEwtt4S^ai(0S£h©iJ@ t SS4ffl^(4 

^aJlC-^H-ftL2mmO)7 7 ^JU$- : S-r 

[oo5 4] <jMc«aa**axft?-«BaB*ta>it 

»>BftW*»*3 3. 3m©a5. VdF-HFP 
«^*2 2. 2liaifcc):l/(bDBP4 4. 51 
SSS<b£7-fe h>*"C«^-r*c:i:lzJ:y/<-X h£B 

£ U— h (PET) ;UA±lCff* 100/im,fi2 

oOmmlztticfcdlcBffU 5*— MfcLfcB, ^St 

}T*»tK < - t \Z& y 3 2 mm x 5 4 mm<D^i£-C&a>-f 

ftaaai^tei^rTOEjEftaatt^wtttt^woffitta 

40 ffi£JE**flll=fiMBt** 2 U — -j-ffllZ-tH-ftl 2 mm 

[0055] <*7K«»aa)Ba>x^u>*-7P^— 

h (EC) tv>^*-**-h ( DM C) tf&fglt 
Li PF6 **0>aa*<1 mo I / I iCfciiolcSa 

*-frr#*«aa*aaLfc. 
[oo5 6] *i*-e. mz>i\tziE&m#. M^mmm 
jiaatt* a»^-«a«a*tJ3j:i;iEa**r*TO 
so EjEaax«ta>«?-0tf n a * a c © 
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T3mg&E^*r & - 1 iz i y stigfi 8 s m a h 
[0057] #i^t% lirSBJ.-^ h-tr;u$-n -tt±I>^ 

(dbp) coas^2 o p pm&Ticfc&^-eiaysL 

[0 0 5 8] 2fel*T?, 3-3<Dniaai»Uii— V 

SSL. #iE«a»tt**»*7^5-->Atttt«|Pj- 

PE7*f^A/A I "3 << il/A/ P E T 3? -< JlsJxfr b # 
aLT*ffli::fittSSi*53i:l::J: yTOSiLfcH 1 fecfcl/ 

b 2 ic^-rfltift 5 oea>s^«»s 'jfOA 

[0 0 5 9] Ut««1) =l— JUtRl+ttL^ 

jes«« t n.mm& is * urn*?** jheh t n u 
£ *-r ^ 5 oecos^msM u ^ a - Kit 

Lfco ^b-*WSl7mAt-4. 5VS 

■C3t«Lfco 30 

[ooeo] »*>*ifcSBfi«i fccfctfitK«lia)-2fc« 

[006 1] 







nun 


1 /5 0 


ItttMl 


2 0/5 O 



ttE*1fr&B&*fc.fc3l==i — *-»l=7— ;U*SfciE 

atm7-^sRitfcftajsj:i«#*-tti*itiis*'*" 

I*. a— *-»ic7— JU£tti-J-ci*£i*iEfi. mffifccfct; 
K#*-a#H»£*rf 5 3B<&a.:=. «y H-fe;H*it©ttlS 

[0 0 6 2] 

i*ft*te (K*B*y) T?»*^fc*«-c#4«»fc» 

[01] *ftWI=«*»»T«»«'Jy^AX35«jfe* 

[0 2] Hi <dzl— v h-teVKD¥BB0. 

[0 3] *ftBfc«4«©K»*-*«ll'J^AXiMt 

[tt«eiuin 

1 1~1 3—3.=. >v h-feJU, 
2-3ES. 

3 - >) ^^^^Bm^^mmnm. 
4 -an, 

11.1 2—7— JU. 
1 3 - -fl-S^-f^A, 

i6. 1 7— say. 
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[03] 
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